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A culture experiment was conducted to study the role of artificial substrates on pond water quality parameters and 
growth of Pacific white shrimp, Litopenaeus vannamei in zero water exchange system (0.1 ha) for a period of 105 days in 
high density polyethylene (HDPE) liner ponds. Artificial substrate (fabricated by nylon net material (216 m2) and polyvinyl 
chloride (PVC) pipes) fixed ponds were considered as treatment and those without were designated as control. Both control 
and treatment ponds were randomly assigned and triplicated. Shrimp juveniles (SPF) at uniform size (1.74 ± 0.46) were 
stocked at the rate of 50 pcs/m2 in control and treatment ponds. Feeding, sampling and water quality parameters viz; 
temperature, dissolved oxygen, pH, salinity, transparency, ammonia, nitrite, nitrate, phosphate, alkalinity and calcium were 
recorded during culture. On termination of the experiment, shrimps were harvested; growth, survival and biomass were 
recorded. Significant difference (p < 0.01) in pH, ammonia, nitrate, nitrite and phosphate were observed between control and 
treatment ponds. High average body weight (ABW), survival and FCR were noticed in treatment ponds when compared to 
control. Treatment ponds showed 25.6 % more biomass when compared to control. Fixing artificial substrate in culture 
ponds would considerably reduce pH, ammonia and nitrite contents of water and thereby improve water quality and growth 
of L. vannamei.  
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Introduction 
Application of artificial substrate technique is a 
recently developed strategy used to increase surface 
area of culture pond and thereby improve shrimp 
production
1-3
. It is observed that this method would 
increase the natural food in culture ponds, improving 
water quality, regulating bacterial growth, controlling 
competition and cannibalism
4-10
. Materials such as fiber 
glass sheets, nylon mesh and commercially available 
wooden planks are used as artificial substrate to reduce 
the impact of high stocking density
6,11
.  
Now days, aqua-culturists are looking forward to 
develop ecofriendly and low cost culture technologies 
for growing shrimp. Based on that, a potential and 
efficient strategy entitled ‘Artificial Substrate 
Technology’ is identified to enhance shrimp 
production
12,13
. This method is also known as 
periphyton technology, since it consists of aquatic 
microorganisms (detritus, algae, bacteria) and 
invertebrates attached on substrates
13,14
. These 
microorganisms can use ammonia and nitrogen in 
ponds, regulate dissolved oxygen concentration and 
maintain the water pH
13,15,16
. Considering the 
significance of artificial substrates in controlling 
water quality, a study was conducted to assess its 
effects on growth performance of pacific white 
shrimp, L. vannamei, in semi-arid lands of Saudi 
Arabia. 
 
Materials and Methods 
The culture study was conducted in HDPE (High-
density polyethylene) liner ponds (0.1 ha) of the Fish 
Farm, Faculty of Marine Sciences, Obhur, Jeddah for 
a duration of 105 days. Culture ponds were dried and 
applied lime two weeks before the study. Artificial 
substrates (36 m
2 
x 3 = 108 m
2
 x 2 surface = 216 m
2
) 
were fabricated by fixing nylon roofing net material 
on PVC pipes like a 3 tier bed and it was fixed 
horizontally on pond bottom (Fig. 1). Four units of 
artificial substrate (AS) were placed 3 meters away 
from the corner of each treatment pond. Ponds fixed 
with AS were considered as treatment and those 
without AS were designated as control. Both control 
and treatment were triplicated. Two units of aspirator 
aerator (Force-7) having 2 hp capacity (Acquaeco, 
Italy) were fixed at 40 cm below water level with 35 




cm angle downward in each pond. Algae culture in 
the culture pond was done as per the water culture 
protocol in the Fish Farm. In the beginning, all culture 
ponds were filled (30 % of pond area) with seawater 
and manured. Urea (400 g), molasses (1.5 L) and 
diammonium phosphate (200 g) were applied as 
manure and the dose repeated on fourth and eighth 
day of culture. The water level in each pond was 





dose of the manure, respectively. After water 
culture, shrimp juveniles (SPF-Specific pathogen 
free) of uniform size (1.74 ± 0.46) were procured 
from National Aquaculture group, Jeddah. Stocking 
density of juveniles was 50 pcs/m
2
.  
Standard shrimp feed (NAQUA, Jeddah) having 35 
% protein was given to shrimp based on a feed table 
in the Farm. Water exchange was not done in ponds. 
Toping up of water was done at 5 % /week to balance 
the water loss due to evaporation and to maintain the 
water salinity and algal transparency. Shrimp 
sampling was done once in every week to assess 
average body weight (ABW), average weekly growth 
(AWG) and survival.  Nylon cast net (6.5 m
2
) was 
used to catch shrimp from four locations in the pond 
and weight of 100 shrimp from each pond was 
randomly recorded to calculate average body weight 
and survival. The feed quantity required for shrimp 
feeding was calculated to the weight increment of 
shrimp/week. 
Physico-chemical parameters of culture water such 
as temperature, dissolved oxygen, pH, transparency 
and salinity (YSI Incorporated, Yellow Springs, Ohio, 
USA) were recorded daily at 8:00 am. Ammonia 
(unionized), nitrates (NO3), nitrites (NO2), 
orthophosphates (PO4) and alkalinity (as CaCO3) were 
recorded (JBL Test kit, GmbH & Co., Germany) 
weekly. On completion of culture study, all shrimp in 
control and treatment ponds were collected; feed 
conversion ratio (FCR), biomass, survival and shrimp 
quality were assessed. Specific growth rate was 
estimated by using the formula SGR (%) = LogeW2-
LogeW1/ T2-T1x100 (W1 = Weight of fish (g) at time 
T1 and W2 = Weight of shrimp at time T2. Feed 
conversion rate (FCR) was calculated as total dry 
weight of feed consumed/total shrimp wet weight 
gained x 100. ANOVA (Analysis of variance) was 
applied to find out the statistical difference on growth 
of shrimp and water quality parameters between 
control and treatments and the comparison of average 






Overall data on water quality parameters recorded 
in the study period is depicted in Figure 2. Significant 
difference on temperature, dissolved oxygen, salinity 
and alkalinity was not found between control and 
treatment ponds. Whereas, a decrease in pH, 
ammonia, nitrate, nitrite and phosphate was noticed in 
treatment ponds when compared to control. Growth 








Fig. 2 — Water quality parameters recorded during culture period 




culture period is presented in Table 1 and Figure 3. 
Shrimp growth was found to be significantly (p < 
0.01) increased in treatment ponds. Average weekly 
growth (AWG) rate, SGR (%) and survival were high 
in treatment ponds. Biomass in treatment pond was 




Results show that presence of AS in ponds enhance 
pacific white shrimp growth and production. Studies 
show that AS in culture environment improved 
production of tiger shrimp, Penaeus monodon, pink 
shrimp, Farfantapenaeus paulensis and Pacific white 
shrimp L. vannamei
9,10,19,20
. In this study, production 
of L. vannamei was found to be increased by 25.6 % 
in treatment ponds than that of the control. The 
enhanced survival rate recorded in the present study is 
in accordance with the previous findings
2,21,22
. The 
microorganisms (detritus, algae, plankton and small 
crustaceans) resting on artificial substrate are found to 
be a supplementary food for growing juvenile shrimp 
in the pond
4,23
. These substances are a good source of 
protein for shrimp growth and it could be attributed to 




Studies show that once artificial substrates are 
fixed in ponds, microorganisms like detritus, algae 
and bacteria (biofilm) will be developed within 21 
days. In addition, the growing shrimp will get enough 
space to occupy on substrate and feeds the biofilm
19
. 
This could be due to the low feed conversion ratio 
noticed in the treatment ponds. Artificial substrates 
can solve the problem of overcrowding and offer 
more resting place for shrimp
9,21,22
. By fixing artificial 
substrates in the pond, the surface space for shrimp is 
found to increase up to 100 %, and the resting density 
reduced to 50 %. As suggested in earlier studies, 
lower resting density can significantly reduce the 
stress of overcrowding in shrimp
21,22
. Reports show 
that shrimp production would significantly be 
enhanced in ponds fixed with artificial substrates and 




Ammonia, nitrite and nitrate concentrations were 
found to be low in most of the culture period, which is 
similar to the findings of Focht and Verstraete
25
. 
Evidences show that during nitrification process, 
nitrifying bacteria rest on substrate’s surfaces and 
require comparatively more area than to be floated  
in water column
22,26
. Due to the presence of  
artificial substrate in culture ponds, surface area for 
nitrifying bacteria is increased 100 %, which is 




Water pH may be lowered due to production of 
hydrogen ions, because of nitrification process
27
. Such 
a lowered water pH was found in the treatment ponds 
(AS) with increasing days of culture. Wasielesky et 
al.
28 
reported that the turbidity increases in increased 
suspended particles in the pond due to algal crash and 
feed spoilage in ponds
28
. Water transparency in 
treatment ponds (AS) was found to enhance than that 
of the control, which can be attributed to the 
absorption of suspended particles by the shrimp, and 
microorganism stayed on artificial substrates
29
. 
Study results prove that fixing AS in culture ponds 
can improve water quality, survival, production and 
lowering FCR of L. vannamei. This study provides a 
baseline information on the use of artificial substrates, 
 
Table 1 — Growth performance and shrimp production 
Parameters Control Treatment 
Mean ±SD Mean ±SD 
Initial weight (g)NS 1.74±0.46 1.70±0.06 
Final weight (g)* 19.50±1.41a 22.40±2.12b 
Weight gain (g) 17.76±1.87 20.70±2.18 
AWG (g)NS 1.38±1.13 1.42±0.16 
SGR (%)NS 1.07±0.21 1.11±0.19 
Survival (%)* 85.0±28.0a 92.0±3.0b 
Biomass (kg)* 830±233a 1,043±239b 
FCR* 1.72±0.09a 1.53±0.11b 
NS- p > 0.01; *p < 0.01:  
AWG: Average Weekly Growth; SGR: Specific Growth Rate, 
FCR: Feed Conversion Ratio 
a,b,- Means with the same superscripts do not differ from each 





Fig. 3 — Growth performance of shrimp during culture period 
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